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Wca Rohm & Haas Company, a corpora- 
tion organized under the laws of the State 
of Delaware, United States of America, of 
222, West Washington Square, Philadelphia 
5, Pennsylvania, United States of America, 
do hereby declare the invention, for which 
we pray that a patent may be granted to 
us, and the method by which it is to be 
performed, to be particularly described in and 
by the following statement: — 

This invention is concerned with new pfi- 
disubstituted^S-cyanoketones. 

In brief, tids invention provides new ^5^- 
disubsrituted-^-cyanoketones of the formula: 
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in which R„ Ra and R* are alkyl or cyclo- 
alkyl groups and R, is a hydrogen atom or 
a methyl, ethyl or pentyl group, the number 
of carbon atoms, including the cyano carbon 
atoms, in the compounds ranging from 13 

It is preferred that R* is hydrogen, methyl 
or edivl and that either one or two of the 
symbol Rj, Ra and R^ represent methyl 
groups; The groups of Rj, Ra and R« which 
are preferably alfcyl, may be present in any 
of the known isomeric forms. 

The compounds of this invention are pre- 
pared by the hydrocyanation of a Qt-u un- 
saturated ketone of die formula: 

where R„ R2, R, and R4 are as above defined. 
This hydrocyanation is carried out by bnhgmg 
together hydrocyanic add and the unsaturated 
ketone at a temperature in the range feom 
about 125* to 275*' C. aud in the presence 
of an alkaline catalyst capable of generating 
cyanide ions, the hydrocyanic add bcmf 



gradually brought into contact with the un- 
saturated ketone at a rate which is substan- 
tidly that at which it reacts with the ketone. 

Typical ^ the )5,iMisubstimtedHr,)8-olefinic 
ketone reartants that may be employed are 
4 - methylundec - 3 - en - 2 - one, 3,4- 
dimethylundec - 3 - en - 2 - one, 4 - methyl- 
3 - eihyldodec - 3 - en - 2 - one, 4 - methyl- 
tridec - 3 - en - 2 - one, 3,4 - dimelliyl- 
hcxadec - 3 - en - 2 - on^ 3 - ethj^ - 4- 
metbyloctadec - 3 - en - 2 - one, 2 - methyl- 
undec - 2 - en - 4 - one, Ifi - dimethyl- 
undec - 2 - en - 4 - one, 2 - methyl - 3- 
cthyldodec 2 - en - 4 - one, 2 - metbyl- 
tetiadec - 2 - en - 4 - one, 2,3 - ditnethyl- 
hexadec 2 - en - 4 - one, 2 - methyl- 

3 - ethyloctadec - 2 - en - 4 - one, 4- 
butyloctadec - 3 - en - 2 - one, 3 - methyl- 

4 - hexylnonadec ^ 3 - .en - 2 - one, 3- 
ediyl - 4 - pentyloctadec - 3 - en - 2 - one, 

4 - octylhexadec - 3 - en - 2 - one, 5- 
methylundec - 5 - en - 7 - one, 5,6 - di- 
ethyldodec - 5 - en - 4 - one, 8,9 - di- 
methyloctadec - 8 - en - 7 - one, 4 - methyl- 

5 - ethylnonadec - 4 - en - 6 - one, 7- 
methylpentadec - 7 - en - 9 - one, 2,6,8- 
trimethylnon - 5 - en - 4 - one, 7 - pentyl 
tridec - 6 - en - 5 - one, 5 - ethyl - 6- 
hexylhexadec - 5 - en - 4 - one, 3,4 - di- 
ethyloctadec - 3 - en - 5 - one, 2^,5,7,7- 
pentamethylhept - 4 - en - .3 - one, 8- 
methyltridec - 7 - en - 6 - one, W - di- 
q^dohexylbut - 2 - en - 1 - one, 11- 
medwlnonadec " 10 - en - 9 - one, 3- 
penyl ^ 4 - methylimdec - 3 - en - one, 
2A4i8d0,12,12 heptamethyl - tridec - 7- 
Sr!? 6 - one, iid i4,6A10,12,14- 
heptamethylpentadec-8-en-7-one. 

The «,)S-unsaturated ketone reaaant em- 
ployed in the process of the invention is 
frequently present in the form of a mixture 
with the corresponding jff,y-unsaturated 
tautomers. The Ay-unsaturated conrpounds 
will themsdves, in the presence of basic 
compounds, form mixtures of and fty- 
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unsaturated tautomers and can therefore be 
used as a source of the a,/J-unsaturated tauto- 
mer. Such a mixture can be employed in 
the process of the invention and the term 
5 «jj8-unsaturated ketone reactant used herein 
is to be construed as embracing such tauto- 
meric mixtures. Typical ^,y-unsaturated 
tautomers are as follows: — 
5-methylund€C-4-en-7-one, 
10 2,4^8,tcimethyl-no!n-3^-6-one9 
7-mdliylpeaUuiec-6-enr9-onej 
3-pentyl-4-methyldcc-4-eii-2rcmc, 
3-penyl-4-hexyl-pent-4-enr2-one, and 
3-(l-me$hylfaeptyl)-oct-4-en'>2-<me. 
15 As indicated^ the hydrocyanation reaction 
is conducted at a temperature in the range 
of about 125® to 275" C, this is so because 
temperatures outside of this range either 
result in inappreciable or undesirable results. 
20 The preferred temperature range is from 150° 
to 225** C 

Atmospheric pressure is advantageously 
employed. Superatmospheric pressures may 
be employed, if desired, but apparently no 
25 appreciable advantages are achieved thereby. 
If superatmospheric pressures are contem- 
plated, they may be achieved autogenousljr 
or with the aid of nitrogen or other inert 
. gas. 

30 The present reaction is preferably con- 
ducted aa a batch basis but a continuous 
adaptation may be employed, if desired. 

A volatile inert highly polar organic sol- 
vent may be employed, if desired. The use 

35 of a solvent is especially desirable when the 
higher-boiling ketone reactants are used. It 
is frequently desirable to employ a portion 
of ±e specific yff,)S-distubstimted-)^-cyano- 
ketone product concerned in the present 

40 method as a solvent. Suitable solvents in- 
clude dimethylformamide, dimethylacetamide, 
l-methyl-2-pyrrolidinone, l,5-dimethyl-2- 
pyrrolidinone and l,3-dimeth^-2-imida20- 
lidinone. 

45 An alkaline catalyst capal}le of generating 
cyanide ions is required^ and is preferably 
used in amounts of about 0.1 to 20% by 
weight of the total weight of the reactants. 
Suitable in ^ respect are alkali metals and 

50 their carbonates; alkali and alkaline eaorth 
metal alkoxides, oxides^ hydroxides, per- 
oxides, and cyanides; f^^-amines; and quater- 
nary ammonium bases. Actually, th^e may 
be employed as cataljrst any base which has 

55 an ionization constant above about 10"'^ when 
determined in an aqueous medium. Typical 
examples of the catalysts that may be used 
include sodium, potassium, lithium, sodium 
methoxide, potassium butoxide, lidiium 

60 ethoxide, magnesium ethoxide, sodium oxide, 
potassium hydroxide, calcium oxide, barium 
hydroxide, strontium hydroxide, sodium per- 
oxide, magnesium peroxide, potassium 
cyanide, li£ium cyanide, batrium cyanide, 

65 magnesium cyanide;, sodium carbonate, potas- 



sium carbonate, trimethylamine, triethyl- 
amine, triethanolamine, octyldimethylamine, 
N-methyhnorpholine, benzyltrimethylammo- 
nium hydroxide, dibenzyldimethylammonium 
hydroxide, and dodecenyltriethylammonium 70 
hydroxide. The alkali metal cyanides are 
particularly effective for the instant purposes. 

A preferred feature of the process involves 
bringing together, at die specified reaction 
temperature, preformed mixtures of (a) the 75 
alkdine catalyst and ±e a,j9-misaturated 
ketone reactant or the desired c^anoketone 
product and (b) hydrocyanic add and the 
unsaturated a,/^un5aturatejd ketone reactant. 

B^r employing the most preferred reaction 80 
conditions described above, yields of about 
55 to 90% and above can be consistently 
achieved. Under these preferred reaction 
conditions, there is substantially no polymeri- 
zation of the hydrocyanic add and there are 85 
substantially no cydization, condensation, or 
decomposition compounds formed, dther or 
both of which undesired results frequently 
harass the cyanation procedures Imown to the 
art 90 

In a practical way of carrying out the pro- 
cess, whether the continuous or batch em- 
bodiment is used, the catalyst and a portion 
of the ketone reactant is inidally diargcd 
to the reaction vessel and to this mixmre 95 
there is dien added a mixture of the same 
ketone reactant and hydrocyanic add. Alter- 
nativdy, it is possible to use as an initial 
charge to the reaction vessel a mixture of 
catalyst with a portion of the ketone nitrile 100 
product &om a previous run, to this mixture 
bdng added a mixture of hydrocyanic add 
and ketone^ reactant. By employing, as part 
of the initial charge, the ketone reactant or 
the ketone nitrile product, the formation of 105 
undesired condensation products is reduced 
to a minimum or entirdy eliminated. This 
leads to maximum yields with minimum 
amounts of undesired products, which mini- 
mizes or substantially eliminates problems of 110 
separation and isolation of the product It 
is also satisfactory in the present invention, 
when dther a batch or continuous embodi- 
ment is used, to add all of the catalyst at 
the beginning of the reaction or intermittently, 1 1 5 
as desked. It should, however, be parti- 
cularly noted that the hydrocyanic add mix- 
ture should be gradually brought into con- 
tact with the cataJyst mixture at a rate whidi 
is substantially that at which the hydrocyanic 120 
acid reacts with the a,jfi^unsaturated ketone 
reactant. With large amounts of hydrocyanic 
add present at any one time, imdesired poly- 
merizations tend to be favoured. 

It is possible, in carrying out the reactioii, 125 
to introduce the hydrocyanic add into the 
reaction zone in the gaseous state. 

In some cases, it may be that die catalyst 
is not soluble or at least not entirdy soluble 
in the reacdon system, and it is therrfore, 130 
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desirable to employ agitation such as sdiring 
or ffoddng or the like in order to insure 
the hi^est activity from the catalyst. Agita- 
tion of the reaction system is generally advan- 

5 tageous. 

At the conclusion of the reaction, the cata- 
lyst may be neutralized by the addition of 
acid, preferably of a mineral add such as 
phosphoric, sulfuric or hydrochloric. The 

10 reacQon mixture may then be filtered, if 
desired, and then distilled, preferably at 
reduced pressures. The products are colorless 
liquids and are useful as insecticides and 
as solvents for polymers. The products are 

15 particularly usefol against the red spider and 
the rice weevil. Thoy apparently are more 
cfEective against the red spider when em- 
ployed as a spray in an inert hydrocarbon 
solvent base. Ilie compounds are prefer- 

20 ably used against the nee weevil in the 
form of a 10% dust in an inert commorcial 
base. 

The present invention may be more fully 
understood from the following examples, 
25 which are offered by way of illustration 
and not by way of limitation. Parts by 
weight are us^ throughout. 

Example 1 
A mixture of 109 parts of 2,4,8-trLmetiiyl- 

30 non-4-en-6^ne {and it-s tautomers 2,4,8-tri- 
methylnon-3-en-6-onc and 2(2-meriiylpropyl)- 
6-methylhept-l-en-4-one], dunethylformamide 
(109 parts) and potassium cyanide (2 parts) 
is heated under reflux (159° C). A mixture 

35 of hydrocyanic acid (17 parts) and dimethyl- 
formamide (17 parts) is added dropwise 
during 2.25 hours at a rate such that the 
pot temperature is maintained in the repion 
of 147" to 159' C. during die entire time. 

40 The mixture is heated under reflux for an 
additional period of 1.25 hours and then 
is cooled and treated with aqueous 85%. 
phosphoric add (2.3 parts). The mixture 
is distilled under reduced pressure. The 

45 product (92 parts— 73% yield) is a colorless 
Uquid tiiat boils at 140'' to 141° C, • at 
10 mm. absolute pressure. It has an Ud 
value of 1.4431 and contains 6.45% nitrogen 
(tiieoretical for QaH.^ON— 6.70%). The pro- 

50 duct is identified as 2^4,8-trimethyl-4-cyano-6- 
nonanone and corresponds to the formula 



Example 2 
A mixture of 7-mediylpentadec-7-en-9-one 
55 (214.2 parts), dimethylacetamide (100 parte) 
and potassium carbonate (3 parts) is heated 
to 170° C. A mixture of hydTOcyanic aad 
(25 5 parts) and dimediylacetamide (25 parts) 
is added at a rate such that the temperature 



is maintained at the level of at least 160° 60 
C. The mixture is heated 1.0 hour after 
the addition is completed and then cooled 
and treated with acpeous 85% phosphoric 
add (3.4 parts). Distillation under reduced 
pressure gives 110 parts of the product (BJ*. 65 
160° — 165° C. at 1.5 mm. absolute pressure). . 
It has an n©" value of 1.4510 and contains 
5.07 to 5.17% nitrogen (theoretical for 
Q,H,iON-~5.28%); The product is identi- 
fied as 7-methyl-7-cyano-9-pentadecanone. 70 

The procedure of this example is used to 
convert 9-methylheptadec-9-en-ll-one to 2- 
methyl-2-octyl-4-oxodecanomtriIe and 10- 
mcdiylheneicos-lO-en-12-one to 2-methyl-2- 
nonyl-4-oxotridecanomtrile. . 75 

Example 3 

A mixture of l,3-dicydohexylbut-2-en-l- 
one (468 partsX l-metfayI-2^pyiirolidinone 
(400 parts) and sodium cyanide (5 parts) is 
heated to 200*" C. and hydrdcyanic add (57 80 
parts) is added dropwise while the tempera- 
ture is maintained above 180° C during 
the course of the addition. After heatiug an 
additional hour after the addition of hydro- 
cyanic add, the mixture is cooled and treated 85 
with aqueous 85%. phosphoric add (8 parts). 
Distillation under reduced pressure gives a 
viscous oil (B.P., 230°— 275° C. at 3 mm. 
absolute pressure), which contains 5.4% nitro- 
gen and is identified as the desiired product 2- 90 
mcthyl-2,4-dicydohexyl-4-oxobutanonitrile. 

In a similar manner, 2-methyl-2,4-dicydo- 
penyl-4-oxobutanomtrile is prepared from 
l,3-<iicydopentylbut-2-en-l-one and hydro- 
cyanic add. Likewise, by reaction with 95 
hydrocyanic add, 2,5,7,9-tetramethyl-2- 
(1,3,5 - trhnethylhexyi) - 4 - oxodecanonitrilc 
is prepared from 2,4,6,7,10,12, 14-hepta- 
metfiylpentadec-7-en-9K)ne and 2,6,8-tri- 
methyl - 2 - (3,3,5 - trimethylhexyl) -4-100 
oxononanonitiile is prepared from 2,4^4,^11- 
13-hexamethyltetiradec-7-en-9-one. 

Example 4 
The procedure of Example 1 is repeated, 
using l,3-dicydohexylbut-2-en-l-one (117 105 
parts), dimethylformamide (111 parts), potas- 
sium cyanide (1.6 parts) and hydrocyanic 
add (14.2 parts). The product is isolated 
according to the method of Example 3. The 
product is identified as the desired nitrile 110 
compound having the formula 



, iff 



In an analogous way, by reaction with 
hydrocyanic add, 2,2,4,4,6-pentamethylnon- 
6-en-8ine is converted to 2-metiiyl-2- 115 
(2A4,4 - tetramethylpentyl) - 4 - oxopenta- 
nonitrile. 
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In conclusion, by reason of Section 9 of 
the Patents Act 1949, reference is directed 
to U.K. Patent No. 730,209. 

WHAT WE CLAIM IS:— 
5 1. A compound containing from 13 to 25 
carbon atoms and having the formula: 

y \ II 

in which I^a Ra and R4 are #3^ or cydo- 
alkyl groups, and R3 is a hydrogen atom, a 
10 methyl group, an ethyl group or a pentyl 
group. 

2. A compound according to Qaim 1, in 
^^lich R3 is a hydrogen atom, a methyl group, 
or an edhyl groups and in which one or two 

15 of Ri, Ra and R4 is or are methyl groups. 

3. The new compound 2,4,8-trimethyl-4- 
cyano-6-nonanQne. 

4. The new compound 7-methyl-7-cyano- 
9-pentadecanone. , ^ ^ j. 

20 5 The new compound 2-methyl-2,4-m- 
cycloheKyl-4-oxobutanonitriIe. 

6. A method for the preparation of a 
compound as claimed m Claim I which com- 
prises bringing together, at a temperature 

25 m the range Iran about 125° to 275** C. 
and in the presence of an alkaline catalyst 
capable of generating cyanide ions, hydro- 
cyanic add and a ds-s* a,^unsanirated 
ketone of the formula: 

^/^ 

30 ^C^C-C^--/?4 

in which Ri, Rj, R^ and R4 are as defined 



in Claim 1, the hydrocyanic add being 
gradually brought into contact with the 
ketone at a rate which is substantially that 
at which it reacts with the ketone. 

7. A method according to Qaim 6, carried 
out by bringing together, at the reaction 
temperature, pr5ormed mixtures of (a) the 
alkaline cata^t and the cg8-unsaturated 
ketone reactant or the desired cyanoketone 
product and (b) hydrocyanic add and the 
unsaturated a,i9-unsaturated ketone reactant. 

8. A method according to Qaim 7, where- 
in die catalyst mixture (a) is initially charged 
to a reaction vessel and tlxe hydrocjranic mix- 
ture (b) is then gradually added thereto. 

9. A method according to any one of 
Qaims 6 — 8 caitried out at a reaction tem- 
perature m the range from 150 to 225** C. 

10. A method according to any one of 
Claims 6—9, wherein the reaction is carried 
out in the presence of a volatile inert highly 
polar organic solvent. 

11. A method according to any one of 
Qaims 6 — 10 as applied to the preparation 
of a compound as daimed in any one of 
Qaims 2 — 5. 

12. A method according to Claim 6, when 
carried out substantially as described in any 
of the forgoing examples. 

13. A i8,i?-disubstituted-^-cyanoketone 
whenever prepared by a method according 
to any one of Qaims 6 — 12. 

For the Applicants, 
D. YOUNG & CO., 
Chartered Patent Agents, 
9, Staple Inn, 
London, W.CL 
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